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Abstract This study was conducted to assess po-
tential human health risks presented by pathogen-
ic bacteria in a protected multi-use lake-reservoir
(Lake Ma Vallée) located in west of Kinshasa,
Democratic Republic of Congo (DRC). Water
and surface sediments from several points of the
Lake were collected during summer. Microbial
analysis was performed for Escherichia coli,
Enterococcus (ENT), Pseudomonas species and
heterotrophic plate counts. PCR amplification was
performed for the confirmation of E. coli, ENT,
Pseudomonas spp. and Pseudomonas aeruginosa
isolated from samples. The results reveal low con-
centration of bacteria in water column of the lake,
the bacterial quantification results observed in this
study for the water column were below the recom-
mended limits, according to WHO and the
European Directive 2006/7/CE, for bathing water.
However, high concentration of bacteria was ob-
served in the sediment samples; the values of
2.65×103, 6.35×103, 3.27×103 and 3.60×108
CFU g−1 of dry sediment for E. coli, ENT,
Pseudomonas spp. and heterotrophic plate counts,
respectively. The results of this study indicate that
sediments of the Lake Ma Vallée can constitute a
reservoir of pathogenic microorganisms which can
persist in the lake. Possible resuspension of faecal
indicator bacteria and pathogens would affect wa-
ter quality and may increase health risks to the
population during recreational activities. Our re-
sults indicate that the microbial sediment analysis
provides complementary and important information
for assessing sanitary quality of surface water un-
der tropical conditions.
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Introduction
The contamination of drinking and recreational water re-
sources by pathogenic organisms and micropollutants is a
major problem in many parts of the world. In developing
countries, the diarrheal diseases, mainly due to the con-
sumption of microbiologically contaminated drinking wa-
ter, cause about one billion illnesses and 2.2 million deaths
per year (Montgomery and Elimelech 2007). Although
most infections occur in developing countries, waterborne
diseases are a worldwide problem that also concern indus-
trialized societies where highly populated centres draw
their supply of drinking water (Thevenon et al. 2013;
Poté et al. 2009a). Faecal pollution can originate from a
variety of human and non-human sources, but faecal indi-
cator bacteria (FIB) contamination from human faecal
material is generally considered to be a greater risk to
human health as it is more likely to contain human enteric
pathogens (Scott et al. 2003; Haller et al. 2009a).
FIB reside in the gastrointestinal tracts of humans and
animals, and are commonly used to assess the microbio-
logical safety of drinking and recreational waters. Although
indicator bacteria do not necessarily cause illness, their
presence indicates that the water has been contaminated
by faecal material and indicates therefore the potential
presence of pathogens (An et al. 2002; Noble et al. 2003).
The surface recreation water generally contains indigenous
microorganisms, pathogenic and non-pathogenic microbes.
The choice of bacterial indicators is thus very important for
the management of aquatic environmental quality. The US
Environmental ProtectionAgency and the EuropeanUnion
recommend the use of Escherichia coli, a subset of the
faecal coliform group, and members of the genus
Enterococcus (ENT), to assess the hygienic safety of rec-
reational waters (USEPA 2000; WHO 2004; EU 2006).
Both, heterotrophic plate count (HPC) and Pseudomonas
aeruginosa, an opportunistic pathogen responsible for nu-
merous infections especially for the persons with weakened
immune systems, are often used as additional water quality
indicators (Poté et al. 2009a; Varga 2001).
Exposure to bathing waters with high concentrations
of E. coli, ENT and P. aeruginosa are documented in
epidemiological studies as being associated with an
increased risk of contracting gastrointestinal and respi-
ratory illnesses. It has been demonstrated that during
recreational activities, exposure to high concentrations
of the faecal bacteria in recreational waters may increase
the risk of illness and disease, including gastrointestinal,
respiratory illnesses and skin, ear and eye infections
(Crabelli 1983; Kay et al. 1994; Prüss 1998; Haile
et al. 1999).
Sediments may contain (100 to 1,000×) more FIB as
the overlying water (Davies et al. 1995; Poté et al.
2010). Recent studies demonstrated that the evaluation
of FIB in sediments may be a more stable index of
overall or long-term water quality than in the overlying
water (Laliberte and Grimes 1982; Ferguson et al. 2005;
Haller et al. 2009b). Thus, the monitoring of FIB levels
in the water column, accumulation and resuspension of
FIB from sediments should also be taken into account.
Depending on sediment characteristics, coastal sedi-
ments can act as a reservoir of FIB. Analysis of water
quality alone may underestimate the risk of exposure to
potentially pathogenic microbes in recreational waters
(Craig et al. 2002; Poté et al. 2009b). Some studies
demonstrated that sediments can constitute as an impor-
tant reservoir for FIB in freshwater environments
(LaLiberte and Grimes 1982; Burton et al. 1987; An
et al. 2002; Haller et al. 2009a).
Lake Ma Vallée is a scenic African Lake surrounded
by the equatorial forest. The lake is well protected and
known as a place of leisure, sports and relaxation by
different classes of population. A small dam, a creek
mouth and water form an intimate lake and the sur-
rounding forest is still primitive. The lake is considered
as a reservoir for various activities including swimming,
canoe, fishing and rowing boats. To our knowledge, no
regular water quality monitoring and research
programmes have been conducted to assess the micro-
bial and physico-chemical qualities of the lake. Thus,
the present research was carried out to assess the micro-
bial quality of the lake. The assessment is based on the
quantification and characterization of Pseudomonas
spp., FIB including E. coli, ENTand HPC in both, water
column and sediments from the lake. The spatial micro-
bial distribution was performed by sampling sediments
from eight sites distributed on either sides of the lake.
The influence of sediment characteristics including sed-
iment grain size and organic matter content on FIB
accumulation and persistence was also examined.
Materials and methods
Study site and sampling procedure
Lake Ma Vallée is located about 30 km west of the city
of Kinshasa with a surface area of 2.44 km2 (6 km long).
6822 Environ Monit Assess (2014) 186:6821–6830
Each month, approximately 640 peoples visit the lake
for different recreational activities. Sampling was done
during low flow of water with stratified lake conditions
on June 2013. Canoes were used to collect core sedi-
ment samples and water samples from the lake. Water
samples (250mL) were duplicated from three sites (EM,
stream inlet; MM, middle of lake; and SM, stream
outlet) and pooled in 1 L sterile bottles. Surface sedi-
ment (n=8) was sampled from both the banks of the
lake: on the right bank side noticed 1D–4D and the left
side noticed 1G–4G (Fig. 1). The samples were placed
in sterile containers and stored in an icebox at 4 °C and
transported to laboratory. At the point of sampling,
physico-chemical characteristics of water, such pH,
electrical conductivity and temperature were measured
using a Multi 350i (WTW, Germany).
Sediment characterization
The grain size distributionwasmeasured using a particle
size analyzer Coulter ® LS-100 (Beckman Coulter,
Fullerton, CA, USA), following ultrasonic dispersal in
deionized water (Loizeau et al. 1994). The proportions
of three major size classes (clays <2 μm; silts 2–63 μm;
and sand >63 μm) were determined from size distribu-
tions, as well as the median grain size. Sediment total
water content was measured by drying the samples at
60 °C for overnight and the weight loss was taken for the
percentage of water content. Sediment total organic
matter content and CaCO3 was estimated by loss on
ignition for 1 h in Salvis oven (Salvis AG,
Emmenbrücke, Luzern, Switzerland).
Bacteria analysis by selective culture method
The FIB (E. coli and ENT) were quantified in the water
and sediment samples using the method previously
described by Balkwill and Ghiorse (1985) and modified
by Haller et al. (2009a). Bacterial analysis in the water
and sediment supernatant was estimated according to
the international standard methods for water quality
determination using the membrane filtration method
(APHA 2005; Haller et al. 2009a, b). Briefly, the sedi-
ments were resuspended by adding 100 g of fresh sed-
iment to 500 mL of 0.2 % Na6(PO3)6 in 1 L sterile
plastic bottles and mixed for 30 min using the agitator
rotary printing-press Watson-Marlow 601 controller
(Skan, Switzerland). The mixture was then centrifuged
at 4,000 rpm for 15 min at 15 °C. For each sample,
triplicates of serially diluted sediment supernatant
(100 mL) was passed through a 0.45-μm filter (47 mm
diameter, Millipore, Bedford, USA) and placed on dif-
ferent selective culture media (Biolife Italiana) supple-
mented with the anti-fungal compound Nystatin
(100 μg mL−1 final concentration), using the following
incubation conditions: E. coli—Tryptone Soy Agar
(TSA) medium, incubated at 37 °C for 4 h and trans-
ferred to Tryptone Bile X-Gluc Agar (TBX) medium at
44 °C for 24 h; ENT—Slanetz Bartley Agar (SBA)
medium, incubated at 44 °C for 48 h and transferred
into Bile Aesculin Agar (BAA)medium at 44 °C for 4 h;
Pseudomonas spp.—Pseudomonas selective Agar incu-
bated for 24 h at 37 °C. The HPCwere determined using
spread plate method on TSA after 48–72 h incubation at
28 °C (Poté et al. 2009b). The results are expressed as
colony forming units per 100 mL of water (CFU
100 mL−1) or 100 g of dry sediments (CFU 100 g−1).
The reproducibility of the whole experimental proce-
dure was tested by means of triplicates on selected
sediment samples.
PCR for confirmation of E. coli, ENT, Pseudomonas
spp. and P. aeruginosa
General confirmation of E. coli, ENT, Pseudomonas
spp. and P. aeruginosa were performed by PCR assay
using specific primers and operational conditions as
summarized in Table 5. PCR assay were performed on
genomic DNA extracted from the isolated colonies
grown on selective media. Genomic DNAwas extracted
using 5 % Chelex® 100 and proteinase K as described
by Walsh et al. (1991) and Yang et al. (2008). Briefly,
5 g of Chelex resin (Bio-Rad) and 0.02 g of Proteinase K
were dissolved in 100 mL of molecular grade water,
mixed thoroughly and refrigerated. Two hundred
microlitres of this solution was dispensed to sterile
1.5 mL tubes and a loopful (10 μL) of bacterial colonies
grown on selective media were added to the aliquot and
incubated at 56 °C for 4–6 h or overnight, and vortexed
briefly. The tubes were then boiled at 95 °C for 8–
10 min and cooled in a freezer for 15–20 min, centri-
fuged at 13,000 rpm and the supernatant was transferred
to fresh tubes. The extracted DNAwas quantified spec-
trophotometrically (OD260) and the quality was assessed
on selected samples by electrophoresis on 1 % agarose
gel stained with 1× SYBR safe DNA gel stain
(Invitrogen) in 1× TAE buffer. DNA was stored at
−20 °C until used.
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PCR was performed on Biometra thermocycler
(BIOLABO) in a 20-μL reaction mixture containing
1 μL of processed DNA template, 0.4 μmol of each
primer (Invitrogen), 200 μmol of dNTP mix (Sigma
Aldrich), 1 unit of RED Taq DNA polymerase (Sigma
Aldrich) and 1× PCR buffer (containing 1.1 mM of
MgCl2). Samples were subjected to the following ther-
mal cycling conditions: initial denaturation 94 °C for
5 min, following 35 cycles at 94 °C for 30 s, appropriate
annealing temperature (Table 5) for 1 min, 72 °C for
1 min and final 10-min extension at 72 °C. PCR prod-
ucts were visualized on 1.3 % agarose gel stained with
1× SYBR safe DNA gel stain in 1× TAE buffer.
The experiment was conducted in triplicate with each
set of conditions. Negative (without DNA) and positive
(genomic DNA extracted from BD Microtrol™ E. coli
ATCC25922, Enterococcus faecalis ATCC 29212 and
P. aeruginosa ATCC 27853) were used for each set of
PCR assay.
Data analysis
For all analyses, the triplicate measurements have been
performed on selected sediment samples. Statistical
treatment of data (Spearman rank order correlation)
has been realized using SigmaStat11.0 (Systat
Software, Inc., USA).
Results and discussion
Physico-chemical analysis of water and sediment
The physico-chemical parameters of water and sedi-
ments are given in Tables 1 and 2. The pH value 5.9
of lake water was observed in all parts of the lake. The
lake temperature ranged between 23.7 and 25.3 °C. The
water electrical conductivity and dissolved oxygen in
water are very low, with maximum value of
12.8 μS cm−1 and 1 %, respectively. The samples were
collected during summer period and the flow of the lake
was almost stabilized. There are many aspects which
can explain the low values of pH, conductivities and
dissolved oxygen in the water, including the presence of
equatorial forest surrounding the lake (organic matter
input, low mineralization under tropical condition),
and the presence of silicate and aluminium com-
pounds in the area. Additionally, the probable low
contribution of ground water into the lake and the
probable high primary production can explain the
low value of dissolved oxygen.
Fig. 1 Geographical location of Lake Ma Vallée and the point of sample collection indicating the concentration of E. coli, ENT and
Pseudomonas spp. ratio
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Sediment particle size and organic matter content in
sampled sediments are shown in Table 2. The sediments
present high organic matter content with the values
range from 10.3 to 16.6 %. The maximum value was
observed in the site 2D (16.6 %). The sediments were
composed majorly with silts, the values ranged from
30.7 to 69.6 %. Except for the sites 1D (54.4 % of sand)
and 4D (43.9 % of sand), all sampled sites are especially
constituted with silts and clay. The lowest concentration
of sand was observed in the sites 1G (0.7 %) and 3G
(0.0 %). The high sediment median grain size value was
observed in the site 1D (105.8 μm) and lowest
(4.30 μm) for the site 3G. CaCO3 values were very less
for all sediment samples and do not exceed 2 % with all
the studied samples.
The particle size distribution is found to be influ-
enced by the hydrodynamic aspects of the lake, proba-
bly by the dynamic of stream input action and wave that
can create a high energy. Coarser sediments were locat-
ed close to the shores, especially in the stream outlet
(site 1D), with median value of 105 μm and values of
30.6, 14.8 and 54.4 % for silts, clays and sand, respec-
tively. Around the stream inlet (site 1G), sediments
contained a quite proportion of sand (0.72 %), which
is a result of the river organic matter deposition. This
hypothesis can be confirmed by the correlation between
other physico-chemical parameters including organic
matter (OM), silts and clays in this site (Haller et al.
2009a, b). Past studies have reported that distribution of
sediment OM and grain size have displayed large vari-
ations on these parameters in freshwaters, lakes, rivers
and reservoir (Haller et al. 2009a; Poté et al. 2008).
According to their results, the organic matter in non-
contaminated freshwater sediments varied from 0.2 to
6.0 %. The sediment of Lake Ma Vallée could therefore
be considered as rich in organic matter content, but not
polluted by organic matter. For, e.g. sediments contam-
inated by the municipalWWTP effluent waters, OM can
reach the values of 30 % (Poté et al. 2008). The high
organic matter in the sediment of the Lake Ma Vallée
can also be explained by the presence of both the agri-
cultural crops in watershed and the dense tropical forest
surrounding the lake.
Bacteria levels in water column
The bacterial concentration in the water column is pre-
sented in Table 1. In general, the FIB concentration in
the water column is low. The maximum values were Ta
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observed in the water samples from the middle of the
bay (site MM) and stream outlet of the lake (site SM).
For the site SM, values of E. coli and ENTwere 66 and
88 CFU 100 mL−1, respectively. The same tendency
was observed for HPC and Pseudomonas values. In
the SM site, the maximum obtained values were 5.1×
104 and 12 CFU 100 mL−1 for HPC and Pseudomonas
spp., respectively. This finding illustrates the homoge-
neous distribution of bacteria in the water column of the
lake.
According to the European Directive 2006/7/CE
concerning the management of bathing water quality,
recreational waters are to be classified as poor, if con-
centrations of E. coli exceed 900 CFU 100 mL−1 and
concentrations of ENT exceed 330 CFU 100 mL−1,
based upon a 90-percentile evaluation. The concentra-
tions of FIB obtained in the water column of the Lake
Ma Vallée are under the values requirement for
recreational/bathing waters. Thus, the Lake Ma Vallée
can be considered as moderately contaminated by faecal
indicator bacteria and cannot present important human
risk. However, even if FIB concentrations in the water
samples are low, their presence suggests that pathogenic
bacteria of intestinal origin may also be present (Haller
et al. 2009a). In this study, the presence of opportunist
pathogens, P. aeruginosa, was detected in water and this
identification reveals that there are more possible
chances for the survival of pathogens in the Lake Ma
Vallée.
In the vicinity of Lake Ma Vallée, there is no perma-
nent source of pollution input, such as sewage treatment
plant or a permanent urban landfill. The pollution of the
lake can be explained by several aspects including do-
mestic waste by the tourists, human visitors or wild
animals; runoff of wastewater from septic tank and
watershed of the lake; or as a result of contamination
by human visitors or neighbouring animals. The water
sampling took place in June, during dry/stratified period
(no rainfall recorded). According to the sampling sea-
son, the sunlight (presence of UV radiation) can activate
the decay of FIB in the water column (Hughes 2003;
Sinton et al. 1999). Additionally, other factors such as
the presence of protozoans and bacteriophages and com-
peting autochthonous bacteria can cause considerable
inactivation of FIB in the water column (Davies and
Bavor 2000; Poté et al. 2009a; Chandran et al. 2011).
Thus, increased temperatures, biological activity and
potential presence of predation by bacterivores organ-
isms, as well as intense UV radiation, further can T
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contribute to the reduction of FIB levels in the water
column of Lake Ma Vallée.
FIB, HPC and Pseudomonas spp. in surface sediments
The FIB, HPC and Pseudomonas spp. distribution in
surface sediments of the bay is presented in Table 3. It
shows the higher observed concentrations of bacteria in
the surface sediments across the whole bay with an
emphasis along the beaches. The concentrations of bac-
teria in all analysed sediments were observed with sig-
nificant variations within the analysed samples. The FIB
concentration values ranged from 6.6×102 to 2.7×103
and 9.9×102 to 6.3×103 CFU g−1, for E. coli and ENT,
respectively. The HPC concentration was in order of 108
CFU 100 g−1 for all sampling sites. The concentration of
Pseudomonas spp. ranged from 5.6×102 to 3.27×103
CFU 100 g−1. PCR analysis with specific primers for the
general confirmation on the isolated bacterial colonies
demonstrated that 92, 100 and 98 % of the isolated
bacteria were E. coli, ENT and Pseudomonas spp.,
respectively. All isolates confirmed as Pseudomonas
spp. were further studied for the presence of pathogen
P. aeruginosa, and the results revealed their presence in
both water and sediment isolated colonies.
In the aquatic environment, sediment may constitute
a reservoir of different pollutants including toxic metals
and microorganisms. Some studies have assessed the
presence of bacterial indicators in the sediments and the
water column (Anderson et al. 2005; Davis et al. 2005).
The influence of environmental conditions on the
persistence and accumulation of microorganisms in sed-
iment is higher when compared with the water column,
with a potential risk of pollution for coastal recreational
water have been demonstrated (LaLiberte and Grimes
1982; Davies et al. 1995; Evanson and Ambrose 2006).
Our recent studies demonstrated that the contrasting
freshwater sediments can accumulate great levels of
FIB than in overlying water (Haller et al. 2009a, b;
Poté et al. 2009a, b, 2012; Thevenon et al. 2012).
Other studies demonstrated that FIB can survive longer
in sediments than in the water column since sediments
provide favourable nutrient conditions (Gerba and
McLeod 1976; Laliberte and Grimes 1982), protection
from sunlight inactivation (Sinton et al. 1999) and pro-
tozoan grazing (Davies and Bavor 2000). The results of
this study demonstrate clearly that the sediment of a
tropical lake-reservoir may contain FIB (including
E. coli and ENT) and Pseudomonas spp. at the levels
of 100 to 1,000 times higher than that in the water
column. Possible resuspension of FIB and pathogens
from the sediments to the water column due to recrea-
tional activities or natural turbulence may contribute to
potential human health risk (An et al 2002; Craig et al.
2004).
In the river-reservoir Lake Ma Vallée, the concentra-
tions of FIB, HPC and Pseudomonas spp. are signifi-
cantly higher in sediments than in the water column. The
risks associated with swimming in microbiologically
polluted lakes or rivers during recreational activities
are usually not life threatening but could take a substan-
tial toll in children and immune-compromised
Table 3 Heterotrophic plant count, faecal indicator bacteria (E. coli and Enterococcus) and Pseudomonas spp. distribution in sediments of
Lake Ma Vallée
Sampling sites HPC CFU 100 g−1 E. coli CFU 100 g−1 ENT CFU 100 g−1 Pseudomonas spp.
CFU 100 g−1
Presence of
P. aeruginosa
1D 2.84×108 2.08×103 9.99×102 5.64×102 Positive
2D 3.60×108 6.58×102 9.87×102 9.87×102 Negative
3D 1.50×108 1.7×103 1.59×103 32.70×102 Positive
4D 3.57×108 2.75×103 1.37×103 30.50×102 Negative
1G 2.83×108 1.02×103 6.35×103 21.40×102 Positive
2G 3.79×108 1.19×103 1.82×103 31.70×102 Positive
3G 0.87×108 1.38×103 2.37×103 14.10×102 Negative
4G 1.81×108 2.65×103 1.81×103 9.28×102 Positive
The reproducibility of the whole analytical procedure was tested by means of triplicates of selected sediment samples. The bacterial analysis
in both water and sediment samples revealed a mean variation coefficient of 3, 7, 2 and 22 % for E. coli, ENT, Pseudomonas spp. and HPC,
respectively
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individuals (Clark et al. 2003). Because there are no
health standards for beach sediments, it is difficult to
assess whether the FIB and Pseudomonas spp. levels
measured in sediments of Lake Ma Vallée can pose a
health risk. But some studies examined whether the
bacteria originating (resuspending) from amount of sed-
iment would exceed health standards for water column
(Lee et al. 2006; Haller et al. 2009a, b).
Spearman rank order correlation
The Spearman rank order correlation values are present-
ed in Table 4. There is a strong positive correlation
(0.762) between the E. coli and OM, which illustrates
that increase with OM in the natural water reservoir
could also significantly increases the E. coli distribution
in the studied samples. The correlation values are also
supportive with our previous studies (Haller et al.
2009a, b) which demonstrated that faecal origin bacteria
could survive in the sediments for longer time, depend-
ing on the availability of organic matter (Table 5). With
other parameters analysed, there was no significant
values found for the correlation matrix.
Conclusion
The results of this study indicate that Lake Ma Vallée
presents the lowest values of faecal indicator bacteria in
the water column, suggesting that there are no local
permanent sources of contamination in the area. Thus,
the Lake can be considered as moderately contaminated
by FIB bacteria. On the other hand, the accumulation of
FIB and Pseudomonas spp. in the sediments of the lake
Table 4 Spearman rank order correlation
ENT Ps H2O OM CaCO3 Median grain size
E. coli −0.19 −0.0952 0.452 0.762 0.333 0.286
ENT 0.31 0.357 −0.167 0.262 0.119
Ps −0.357 0.0238 −0.143 −0.357
H2O (%) 0.548 0.905 0.619
OM (%) 0.667 0.286
CaCO3 (%) 0.571
Variables with correlation coefficients of P values below 0.050 are highlighted in italic
Ps Pseudomonas species
Table 5 Primers used in the study and their annealing temperature
Target Primers Sequence(5′ to 3′) Annealing Temp (°C) PCR product (bp) Reference
General E. coli ECA75F GGAAGAAGCTTGCTTC
TTTGCTGAC
60 544 Sabat et al. (2000)
ECA619R AGCCCGGGGATTTCAC
ATCTGACTTA
General Enterococci Ent1 TACTGACAAACCATT
CATGATG
55 112 Ke et al. (1999) and
Morrison et al. (2008)
Ent2 AACTTCGTCACCAACGC
GAAC
Pseudomonas
species
PA-GS-F GACGGGTGAGTAATGC
CTA
54 618 Spilker et al. (2004)
PA-GS-R CACTGGTGTTCCTTC
CTATA
P. aeruginosa VIC 1 TTCCCTCGCAGAGAA
AACATC
60 520 Da Silva Filho et al. (1999)
VIC 2 CCTGGTTGATCAGGT
CGATCT
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was observed. This may impact on the potential risks of
human infections either by direct uptake or contamina-
tion during recreational activities.
To our knowledge, this is the first study to be per-
formed on the assessment of microbial quality in the
water column and sediments of Lake Ma Vallée. Under
tropical condition, the low concentration of FIB and
Pseudomonas spp. in the water column cannot guaran-
tee the sanitary state of the quality of water. Thus,
supplementary analyses of both water and sediment,
especially on the determination of protozoa and other
virus, are needed to assess the microbial quality of water
under tropical conditions.
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